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(54) Handover procedure based on position data of mobile terminal in multi-mode mobile 
communications system 



(57) There is provided a control device enabling 
switching of communication of a mobile terminal with 
one system to communication with another system 
while reducing power consumption and workload of the 
mobile terminal. The control device is used in a commu- 
nication system including a first mobile communication 
system, a second mobile communication system, and a 
mobile terminal being in communication with the first 
mobile communication system. The control device com- 
prises a position measuring unit for measuring the po- 
sition of the mobile terminal, a judgment unit for making 
a determination whether or not to switch the communi- 
cation of the mobile terminal from the first mobile com- 
munication system to the second mobile communication 
system according to a position measurement result of 
the position measuring unit, and a switching unit for per- 
forming the above switching operation according to the 
determination of the judgment unit. The position meas- 
uring unit can as well be implemented within the mobile 
terminal, in which situation the position data of the mo- 
bile terminal is transmitted to the control device for fur- 
ther evaluation. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates generally to the 
field of mobile communications, and more specifically to 
a control device enabling handover between mobile 
communication systems. 

2. Description of the Related Art 

[0002] The so-called IMT-2000 (International Mobile 
Telecommunications 2000) system is well known in the 
field of mobile communications, and is capable of meet- 
ing requirements of high-speed communications, for ex- 
ample, at 2 Mbps. There are two standardized transmis- 
sion methods in IMT-2000 systems, one is IMT- 
2000/FDD (Frequency Division Duplex), and the other 
is IMT-2000/TDD (Time Division Duplex). FDD is capa- 
ble of providing wide area services with symmetric traffic 
fordownlinkanduplinkchannels, and therefore issuited 
to data and speech transmission with lower data rate, 
such as 384 kbps. On the other hand, TDD is capable 
of dynamically varying the traffic of downlink and uplink 
channels, and is preferred for data transmission at high- 
er data rates. 

[0003] FIG. 1 shows a schematic view of a mobile 
communication system 100 including two sub-mobile 
communication systems each using one of the above 
two transmission methods. Specifically, the mobile com- 
munication system 100 shown in FIG. 1 includes an 
FDD base station 1 0 constituting an IMT-2000/FDD sys- 
tem, a TDD base station 20 constituting an IMT- 
2000/TDD system, and a mobile terminal 30 operable 
in either of the above systems. 
[0004] The FDD base station 10 provides services in 
a service area 60 covering a certain geographical re- 
gion, and is capable of transmission by the FDD trans- 
mission method in the area 60. Similarly, the TDD base 
station 20 provides services in a service area 70, and is 
capable of transmission by the TDD transmission meth- 
od in the area 70. The FDD service area 60 and the TDD 
service area 70 are partially overlapped geographically, 
and in this overlapped area, communication by either of 
the above two modes is possible. 
[0005] In FIG. 1 , the symbol P1 indicates the over- 
lapped common area of the service area 60 and the 
service area 70, symbol P2 indicates the area in the 
service area 60 otherthan the overlapped area P1 , sym- 
bol P3 indicates the area in the service area 70 other 
than the overlapped area P1 , and symbol P4 indicates 
the area outside of both the service area 60 and the 
service area 70. For example, if the mobile terminal 30 
is situated in the area P2, it is capable of communication 
in the FDD mode only; if the mobile terminal 30 is located 
in the area P3, it is capable of communication in theTDD 
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mode only; whereas, if the mobile terminal 30 is located 
in the area P1 , it is capable of communication in both 
the FDD mode and the TDD mode. But, if the mobile 
terminal 30 is located in the area P4, that is, out of the 
5 service areas 60 and 70, it is incapable of communica- 
tion in either mode. 

[0006] Note that, for the sake of simplicity, only one 
FDD base station is shown in FIG. 1 . In practice many 
FDD base stations are provided, and the corresponding 
areas of individual FDD base stations (called a cell or a 
sector) form the service area 60. Similarly, the service 
area 70 is formed by cells of many TDD base stations 
20. 

[0007] Each FDD base station 1 0 and TDD base sta- 
tion 20 is connected to a not-shown network through a 
control device and is controlled by the control device. 
[0008] Consider the case in which the mobile terminal 
30 is in the area P2 and is conducting data transmission 
with the FDD base station 1 0 at a relatively high data 
rate, and assume the mobile terminal 30 is moving to 
the area P1 . In the area P1 , as mentioned above, com- 
munications by both the FDD method and the TDD 
method are possible, and the TDD transmission method 
is advantageous to high-speed communication. There- 
fore, in the area P1 , it is preferable for the mobile termi- 
nal 30 that is presently in the FDD mode to use the TDD 
resource to communicate if the TDD resource is availa- 
ble. To the contrary, if the mobile terminal 30 is transmit- 
ting at a lower data rate but in the TDD mode, when it 
is moved to the area P 1 , there is advantage to switching 
the mobile terminal 30 to the FDD mode. In other words, 
when the mobile terminal 30 is communicating by using 
one of the communication resources, if the terminal can 
be switched to the other mode when necessary, it is pos- 
sible to realize a dual-mode mobile communication sys- 
tem superior in efficiency of resource utilization. 
[0009] To realize a system like the mobile communi- 
cation system 1 00, it has been proposed that the mobile 
terminal 30 operated in one sub-system constantly mon- 
itor a control signal from the other sub-system, and if 
the levels of the received signals are higher than a pre- 
set value, the mobile terminal 30 be switched to com- 
munication with the other sub-system. For example, the 
mobile terminal 30 is communicating with the FDD base 
station 10 in the area P2, while monitoring the levels of 
the received control signals from the TDD base station 
20. Assume the levels of the received control signals 
are still lower than a preset value at the present position 
of the mobile terminal 30. If the mobile terminal 30 is 
moved to the area P1 , the levels of the received control 
signals become higher than the preset value. If the mo- 
bile terminal 30 is transmitting data at a higher data rate, 
and if the TDD communication resource is available, the 
transmission mode of the mobile terminal 30 is switched 
to TDD mode. 

[0010] In such a way, it is certain the mobile terminal 
30 communicating by using one of the communication 
resources can be switched to the other system when 
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necessary. If this method for system switching is adopt- 
ed, however, transmitting and receiving devices for con- 
stantly monitoring the control signals from the other sys- 
tem are necessary in addition to those used for the com- 
munication conducted presently, and all these devices 
have to be operated in synchronization with each other. 
As a result, consumption of electric power increases 
greatly. In addition, the control signals have to be mon- 
itored constantly no matter whether the transmission 
mode of the mobile terminal needs to be switched or 
not, so, the electric power is wasted if system switching 
does not occur. To avoid installing two sets of transmit- 
ting and receiving devices, it is conceived to use only 
one set of transmitting and receiving devices, and this 
set of devices may be used alternatively temporarily. 
With such a configuration, however, in order to perform 
communication, the mobile terminal 30 has to precisely 
control timing of transmitting and receiving signals and 
the timing of receiving and measuring the control sig- 
nals. But generally, timing control places a heavy work- 
load on a mobile terminal. Accordingly, for a mobile ter- 
minal having to pay attention to power consumption, this 
method is not appropriate. 

[0011] On the other hand, at the mobile terminal 30, 
the levels of the received control signals from a base 
station may vary largely because of the propagation 
path or the phase, and thereby, the levels of the received 
signals do not strictly depend on the distance to the base 
station. Therefore, sometimes system switching is ac- 
tually not necessary or this switching is not actually pos- 
sible even though the levels of the received signals are 
higher than the preset value. In this case, if such kind 
of switching is still carried out, this also leads to unnec- 
essary power consumption. 

SUMMARY OF THE INVENTION 

[001 2] Accordingly, it is a general object of the present 
invention to solve the above problems of the related art. 
[001 3] A more specific object of the present invention 
is to provide a control device able to switch communi- 
cation of a mobile terminal communicating with one sys- 
tem to communication with the other system through ap- 
propriate control, while reducing power consumption 
and load of the mobile terminal. 
[0014] To attain the above object, according to the 
present invention, there is provided a control device of 
a communication system including a first mobile com- 
munication system, a second mobile communication 
system, and a mobile terminal being in communication 
with the first mobile communication system by a first 
transmission method, and able to communicate with the 
second mobile communication system by a second 
transmission method, comprising a position measuring 
unit for measuring the position of the mobile terminal, a 
judgment unit for making a determination whether or not 
to switch the communication of the mobile terminal from 
the first mobile communication system to the second 



mobile communication system according to a position 
measurement result of the position measuring unit, and 
a switching unit for performing the switching operation 
according to the determination of the judgment unit. 

5 [001 5] Preferably, the control device further compris- 
es a position data table including data for selecting one 
of the first mobile communication system and the sec- 
ond mobile communication system according to the po- 
sition of the mobile terminal, wherein said judgment unit 

10 makes said determination by using the position data ta- 
ble. 

[001 6] Preferably, in the control device, the judgment 
unit makes the determination based on a change of the 
position of the mobile terminal. 

is [0017] Preferably, in the control device, a communi- 
cation protocol upper layer of the physical layer of the 
first mobile communication system is at least partially 
the same as a communication protocol upper layer of 
the physical layer of the second mobile communication 

20 system. 

[0018] According to the above invention, because the 
control device measures the position of the. mobile ter- 
minal, the mobile terminal in communication with the 
first mobile communication system need not constantly 

25 monitor the control signal from the second mobile com- 
munication system, so power consumption of the mobile 
terminal can be reduced. In addition, by using the posi- 
tion data table that can be created in advance, appro- 
priate determination for control of system switching of 

30 the mobile terminal can be made quickly. Compared 
with the method using the levels of the received signals, 
unnecessary system switching is avoidable. In addition, 
by taking into consideration changes of position of the 
mobile terminal, a detailed position data table can be 

35 created and system switching control can be performed 
appropriately in various situations. 
[0019] Furthermore, because the first mobile commu- 
nication system and the second mobile communication 
system have at least partially the same upper commu- 

40 nication protocol layer, handover processing between 
two systems can be carried out smoothly. Different from 
the levels of the received control signals, position infor- 
mation does not depend on the types of the physical lay- 
ers, so it is adequate to measure the position of the mo- 

45 bile terminal in the system in communication, and it is 
not necessary to measure the position of the mobile ter- 
minal for a physical layer of each of the two systems. 
[0020] These and other objects, features, and advan- 
tages of the present Invention will become more appar- 

50 ent from the following detailed description of the pre- 
ferred embodiments given with reference to the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0021] 

Fig. 1 is a schematic view showing a mobile com- 
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munication system of the related art including two 
sub-mobile communication systems using different 
transmission methods; 

Fig. 2 is a schematic view showing a mobile com- 
munication system according to a first embodiment 5 
of the present invention; 

Fig. 3 is a schematic block diagram showing a con- 
figuration of the mobile communication system 
shown in Fig. 2; 

Fig. 4 is a flow chart showing handover between 
systems according to the first embodiment of the 
present invention; 

Fig. 5 is an example of a position data table in a 
control device according to the first embodiment of 
the present invention; 

Fig. 6 is a schematic view showing a mobile com- 
munication system according to a second embodi- 
ment of the present invention; and 
Fig. 7 is an example of a position data table in a 
control device according to the second embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] Below, preferred embodiments of the present 
invention will be explained with reference to the accom- 
panying drawings. Note that in the following explana- 
tions, the same reference numerals are used to repre- 
sent the same elements. 

The First Embodiment 

[0023] FIG. 2 is a schematic view showing a mobile 
communication system 200 according to a first embod- 
iment of the present invention. The basic configuration 
of the mobile communication system 200 shown in FIG. 
2 is the same as that of the mobile communication sys- 
tem 1 00 shown in FIG. 1 . That is, the mobile communi- 
cation system 200 includes an FDD base station 10 con- 
stituting an IMT-2000/FDD system, a TDD base station 
20 constituting an IMT-2000/TDD system, and a mobile 
terminal 80 operable in either of the above two systems. 
Similarly, the FDD base station 1 0 provides services in 
a service area 60 and the TDD base station 20 provides 
services in a service area 70. The FDD service area 60 
and the TDD service area 70 are partially overlapped 
geographically. Further, in FIG. 2, P1, P2, P3 indicate 
the overlapped common area of the service area 60 and 
the service area 70, the area in the service area 60 other 
than the overlapped area P1 , and the area in the service 
area 70 otherthan the overlapped area P1 , respectively. 
P4 represents the area out of both the service area 60 
and the service area 70. 

[0024] For simplicity, only one FDD base station 10 
and TDD base station 20 are shown in FIG. 2, although 
actually many FDD and TDD base stations are provided, 
and the service area 60 is formed by cells of these FDD 



base stations 1 0, and the service area 70 is formed by 
cells of these TDD base stations 20. 
[0025] FIG. 3 is a schematic block diagram showing 
a configuration of the mobile communication system 
200 according to the first embodiment of the present in- 
vention. 

[0026] As shown in FIG. 3, the mobile communication 
system 200 further includes a control unit 40 connected 
to the FDD base station 10 and the TDD base station 
20 and for controlling operation of these base stations. 
Each FDD base station 10 and TDD base station 20 is 
connected to an IMT-2000 network 52 through control 
device 40 and a switching unit 50. 
[0027] As shown in FIG, 3, the mobile terminal 80 is 
comprised of an FDD antenna 81 for receiving and 
transmitting radio signals by the FDD transmission 
method through radio links, an FDD radio set 82 con- 
nected to the antenna 81 , a TDD antenna 83 for receiv- 
ing and transmitting radio signals by the TDD transmis- 
sion method through radio links, aTDD radio set 84 con- 
nected to the antenna 81 , and a controller 8 6 connected 
to the FDD radio set 82 and the TDD radio set 84. 
[0028] Controlled by the controller 86, the FDD radio 
set 82 performs necessary processing, such as receiv- 
ing and transmitting, encoding and decoding, modulat- 
ing and demodulating, interleaving and deinterleaving 
radio signals by means of FDD. Similarly, based on con- 
trol of the controller 86, the TDD radio set 82 performs 
necessary processing, such as receiving and transmit- 
ting, encoding and decoding, modulating and demodu- 
lating, interleaving and deinterleaving radio signals by 
means of TDD. 

[0029] Further, as an option, the mobile terminal 80 
may also have a position detector 88. The position de- 
tector 88 may also be provided in the control unit 40. 
The position detector 88 is used to measure the position 
of the mobile terminal 80, for example, it may be a GPS 
(Global Positioning System) receiver for measuring po- 
sitions. The position detector 88 computes the position 
(for example, latitude and longitude) of the mobile ter- 
minal 80 according to the propagation time and the an- 
gle of arrival of radio waves from a number of base sta- 
tions. From the point of view of improving precision, it is 
preferable to use a GPS receiver, whereas from the 
point of view of simplicity, it is preferable to use meas- 
urement methods based on trigonometric relationships 
other than GPS. 

[0030] As shown in FIG. 3, the control unit 40 is com- 
prised of a base station interface 41 for relaying com- 
munications with the FDD base station 1 0 and the TDD 
base station 20, a controller 42 connected to the base 
station interface 41 , a network interface 43 connected 
to the controller 42 and for relaying communications with 
the network 52 via the switching unit 50, a memory 44 
connected to the controller 42 for storing the measured 
position data of the mobile terminal 80, a position data 
table 45 including data for selecting one of the FDD and 
the TDD according to the position of the mobile terminal 
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80. 

[0031] Optionally, the control unit 40 may also have a 
position detector 46 for measuring the position of the 
mobile terminal 80. The same as the position detector 
88 in the mobile terminal 80, the position detector 46 
may be any device capable of measuring the position of 
the mobile terminal 80. 

[0032] FIG. 4 is a flow chart showing handover of the 
communication of the mobile terminal 80 between the 
above two systems in the mobile communication system 
200. For the sake of convenience of explanation, it is 
assumed that the mobile terminal 80 is located in the 
area P2 in FIG. 2, and is communicating with the FDD 
base station 1 0 (step AO). 

[0033] At the step A1 , the mobile terminal 80 meas- 
ures its own position. In this embodiment, it is assumed 
that the mobile terminal 80 is equipped with the position 
detector 88 and measures its position by itself. 
[0034] As shown previously, in this position measure- 
ment, the position detector 88 may precisely deduce the 
latitude and longitude of the mobile terminal 80 by using 
a GPS receiver, or deduce the position of the mobile ter- 
minal 80 from the distances between base stations, us- 
ing the propagation time and angle of arrival of radio 
waves from various base stations. Presently, because 
the mobile terminal 80 is located in the area P2, the base 
stations used in the position measurement are the FDD 
base stations 10, and the measurement is possible as 
long as the signals from the FDD base stations are re- 
ceivable. This position measurement does cost much 
effort and electric power because the mobile terminal 80 
is constantly communicating with the surrounding FDD 
base stations for handover between cells in the FDD 
service area 60. Furthermore, to measure the position 
of the mobile terminal 80, signals from the TDD base 
stations 20 are not necessary because the mobile ter- 
minal 80 is not communicating with them presently. 
[0035] At step A2, the mobile terminal 80 transmits the 
measured value of its present position measured by the 
position detector 88 to the FDD station 1 0 via the FDD 
radio set 82 and the FDD antenna 81 under the control 
of the controller 86. 

[0036] At step A3, the FDD base station transmits the 
received measurement value to the control unit 40. 
[0037] At step A4, the control unit 40 receives the 
measured value of the present position of the mobile ter- 
minal 80, and stores the value as the present position 
in the memory 44. Note that stored in the memory 44 
are not only the present measured position data of the 
mobile terminal 80, but also the previously measured 
position data. 

[0038] At step A5 ( by using the table 45, the control 
unit40 makes the determination whetheror not to switch 
the present FDD communication of the mobile terminal 
80 to the TDD communication. 
[0039] FIG. 5 is an example of the position data table 
45 in the control unit 40. 

[0040] In the table 500 shown in FIG. 5, the letters A 



through D in the leftmost column are line indices, the 
second column from the left contains the previous posi- 
tions of the mobile terminal 80, the third column from the 
left shows the present positions of the mobile terminal 
5 80, the fourth column shows the present transmission 
method, and the rightmost column exhibits the contents 
of instructions. The positions and their changes of the 
mobile terminal 80 corresponding to lines A through D 
are indicated in FIG. 2 also by the letters A through D. 
For example, the case is considered in which the previ- 
ous and present measured values of position of the mo- 
bile terminal 80 are both in the area P1 , and the trans- 
mission method during the measurement of the present 
position is FDD. Making reference to the table 500 in 
FIG. 5, as it can be found, this situation corresponds to 
line B. So, as shown in the last column of the table 500, 
the conclusion is that the mobile terminal 40 should 
switch its communication to the TDD mode, and the con- 
trol unit 40 should send such an instruction to the mobile 
terminal 40. As shown in FIG. 5 and FIG. 2, lines in the 
table 500 show the cases of being situated at the same 
positions in the area P1 previously and presently (line 
A and line B), moving from the area P2 to the area P1 
(line C), and moving from the area P3 to the area P1 
(line D). 

[0041 ] The instructions provided in the table 500 show 
that the TDD transmission method is preferred in the ar- 
ea P1 because it is capable of high-speed communica- 
tion. But as shown by line D, considering the position 
change of the mobile terminal 80, it 'is of a high proba- 
bility that the mobile terminal 80 will move into the area 
P2 later, so transmission mode switching from TDD to 
FDD is directed. On the other hand, it may also be pos- 
sible to direct that the FDD mode is preferred to the TDD 
mode in the area P1 . Furthermore, from the point of view 
of carrying on the communications in safety, it may also 
be possible to direct to avoid switching the transmission 
mode. Note that the table 500 shows cases in which the 
present positions of the mobile terminal 80 are all in the 
area P1, but the present positions may also be in the 
areas P2 and P3. In the present embodiment, since the 
position change of the mobile terminal 60 is taken into 
consideration, various kinds of instructions can be de- 
fined, therefore, system switching can be appropriately 
performed according to the various actual situations. 
[0042] Returning to FIG. 4, at step A5, by using the 
position information of the mobile terminal 80 and the 
table 45, the control unit 40 makes the determination 
whether or not to switch the present FDD communica- 
tion of the mobile terminal 80 to the TDD communica- 
tion. In detail, the controller 42 accesses the memory 

44, and reads out the previous position data, the present 
position data (measured value), and the present trans- 
mission mode. Next, the controller 42 checks the previ- 
ous position, the present position, and the present trans- 
mission mode of the mobile terminal 80 against the table 

45, and decides the relevant line to find the instruction 
of the line. 
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[0043] In addition to the data of the present position, 
the mobile terminal 80 may also transmit to the control 
unit 40 a signal indicating the desire to switch or not to 
switch the transmission mode. For example, when com- 
municating with the surrounding FDD base stations to 5 
measure the position, if the quality of the received sig- 
nals (the level of a received signal) is lower than a preset 
value, the mobile terminal 80 may request to switch the 
transmission mode when sending signals of position da- 
ta to the control unit 40. Furthermore, the mobile termi- 
nal 80 may also notify the control unit 40 that switching 
is not always necessary even if the signal quality be- 
comes higher than the preset value. This measurement 
of quality of the received signal may also be performed 
at step A5, or at any time prior to step A5. In addition, 
the signal for showing the desire to switch or not switch 
may be transmitted to the control unit 40 at the time 
when transmitting the measured data of the position of 
the mobile terminal 80, or before transmitting the meas- 
ured position data, as long as the transmission is after 
the measurement of the quality of the received signals. 
By doing this, the actual current situation at the mobile 
terminal 80 may be provided to the control unit 40, and 
the control of switching the transmission mode can be 
carried out appropriately and flexibly, reflecting the ac- 
tual current situation of communication. In addition, not 
only can the determination be made from the location of 
the mobile terminal 80 and the present transmission 
mode, but the instruction can also be modified white 
considering the contents of the communication. For ex- 
ample, if speech is being transmitted at a lower data rate 
through the FDD base station 1 0, it is possible to specify 
to continue the FDD transmission but not to switch to 
the TDD mode. Similarly, if high-speed transmission is 
being conducted by the TDD method, it is possible to 
specify not to switch to the FDD transmission right after 
entering an area where switching to FDD is allowed, but 
to continue the TDD data transmission as long as pos- 
sible. 

[0044] At step A5, if thecontrol unit 40 determines that 
switching of the transmission method is not necessary, 
for example, the situation shown by line A in the table 
500 in FIG. 5, the routine returns to step A1 without 
switching the system. To the contrary, if the control unit 
40 determines that the transmission method should be 
switched, for example, the situation shown by line C in 
the table 500, the routine proceeds to step A6. 
[0045] At step A6, the control unit 40 issues instruc- 
tions to the mobile terminal 80 to switch the transmission 
mode. For example, in the situation shown by line C in 
the table 500, the control unit 40 instructs the mobile 
terminal 80 to switch to the TDD transmission mode. 
The instruction is transmitted to the mobile terminal 80 
through the base station interface 41 and the FDD base 
station 1 0 under the control of the controller 42. In the 
situation shown by line D in the table 500, the instruc- 
tions is transmitted to the mobile terminal 80 through the 
base station interface 41 and the TDD base station 20. 
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[0046] At step A7, the mobile terminal 80 responds to 
the instructions for switching from the control unit 40, 
and starts the relevant procedures. For example, in the 
situation shown by the line C in the table 500, the mobile 
terminal 80 in communication with the FDD base station 
20. receives the control signals from the TDD base sta- 
tion 20. 

[0047] At step A8, it is determined whether the level 
of the received control signal is higher than a preset val- 
ue, and if the resource for the TDD communication is 
granted, and so on, and a determination is made wheth- 
er system switching is actually possible. Considering 
only the present position of the mobile terminal 80, it 
seems the transmission method should be switched, but 
sometimes sufficient signal levels cannot be obtained 
even if the mobile terminal 80 is located in a proper po- 
sition, for example, proper communication becomes dif- 
ficult because of the surrounding buildings. In addition, 
if the communication resource becomes insufficient for 
the TDD transmission mode, the resource may not be 
allocated to the mobile terminal 80. 
[0048] If it is determined that switching is possible, the 
routine proceeds to step A9. 

[0049] At step A9, the communication resource of 
TTD transmission mode is allocated to the mobile ter- 
minal 80, and the mobile terminal 80 starts to commu- 
nicate by the TDD transmission method. 
[0050] If it is determined that switching of the trans- 
mission method is not possible at step A8, the routine 
proceeds to step A1 0. 

[0051] At step A10, the mobile terminal 80 sends a 
signal to the control unit 40 to report that the switching 
of the transmission method is not possible, then the rou- 
tine returns to step A1 . 

[0052] In this way, the transmission modes are appro- 
priately switched. 

[0053] At step A1 1 , the processing of system switch- 
ing is finished. 

[0054] In the present embodiment, although it is as- 
sumed that the mobile terminal 80 measures its position 
by itself, the control unit 40 may also do this measure- 
ment instead. In this case, the steps A1 , A2 and A3 are 
replaced by a step in which the control unit 40 measures 
the position of the mobile terminal 80 using the position 
detector 46 as shown in FIG. 3. When the control unit 
40 measures the position of the mobile terminal 80, work 
and power of the mobile terminal 80 for processing can 
be further saved. On the other hand, if the mobile termi- 
nal 80 measures its position by itself, system switching 
is stiil possible even if the base station 1 0 or 20 cannot 
measure the position of the mobile terminal 80. For ex- 
ample, this method can be utilized when the weather 
condition in the sky over the mobile terminal 80 is good, 
but the communication between the mobile terminal 80 
and the base station is difficult, and a GPS receiver in- 
stalled in the mobile terminal 80 is used to measure the 
position. Further, at step A6, an example is shown 
wherein the control unit 40 sends instructions for system 
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switching, but in this case, it is also possible to send the 
instructions to the TDD base station 20, that is, the des- 
tination of the moving mobile terminal 80. From the point 
of view of performing the system switching more 
smoothly, it is preferable to send the instructions to both 
the mobile terminal 80 and the base station to be the 
destination. 

The Second Embodiment 

[0055] FIG. 6 is a schematic view showing a mobile 
communication system 600 according to a second em- 
bodiment of the present invention. The basic configura- 
tion of the mobile communication system 600 is the 
same as that of the mobile communication system 200 
shown in FIG. 2, except that the overlapped area of the 
FDD service area 60 and the TDD service area 70 are 
divided into the area P1 and the area P5. 
[0056] FIG. 7 is an example of the position data table 
45 in the control unit 40 in the mobile communication 
system 600. 

[0057] The same as the table 500 shown in FIG. 5, in 
the table 700 shown in FIG. 7, the letters A through J in 
the leftmost column are line indices, the second column 
from the left contains the previous positions of the mo- 
bile terminal 80, the third column from the left shows the 
present positions of the mobile terminal 80, the fourth 
column shows the present transmission method, and 
the rightmost column exhibits the contents of instruc- 
tions. The positions and their changes of the mobile ter- 
minal 80 corresponding to lines A through J are indicat- 
ed in FIG. 6 also by the letters A through J. 
[0058] As shown in FIG. 7 and FIG. 6, lines in the table 
700 show the cases of being situated at the same posi- 
tions in the area P1 previously and presently (line A and 
line B), moving from the area P3 to the area P1 (line C), 
moving from the area P5 to the area P1 (line D and line 
E), moving from the area P1 to the area P5 (line F and 
line G), moving from the area P2 to the area P5 (line H), 
and being situated at the same positions in the area P5 
previously and presently (line I and line J). 
[0059] The instructions provided in the table 700 show 
that the TDD transmission method is preferred because 
it is capable of high-speed communication. But as 
shown by line F and line G, considering the position 
change of the mobile terminal 80, there is a high prob- 
ability that the mobile terminal 80 will move far away 
from the TDD service area 70, so transmission mode 
FDD is retained (line G) and switching from TDD to FDD 
is directed (line F). Further, as shown by the line A, I, 
and J, when the previous and present positions of the 
mobile terminal 80 are both in the same common area 
P1 or P5 of the service areas, it is directed to avoid 
switching. However, in the case shown by line B, con- 
sidering the fact that the mobile terminal 80 is closer to 
the TDD base station 20 than the FDD base station 1 0, 
and the view that TDD mode should be used as much 
as possible, it is directed to use the TDD transmission 



method. 

[0060] In this way, by utilizing not only the present po- 
sition of the mobile terminal 80 but also the changes of 
a plurality of positions, and dividing the service area into 
5 smaller areas, for example, it is possible to continue to 
use the TDD transmission method as much as possible, 
and to reduce the number of switching of the transmis- 
sion modes in consideration of the future movement of 
the mobile terminal 80 (as shown by lines F and G). Ac- 
cordingly, it is possible to effectively control the switch- 
ing. 

[0061] Above, the case is described in which the TDD 
transmission method is preferably adopted. To the con- 
trary, it is also possible to specify to preferably use the 
FDD transmission method. Further, from the point of 
view of carrying on the communications in safety, it may 
also be possible to direct to avoid switching the trans- 
mission mode. Furthermore, in the case as specified in 
the line H, it is practical not to switch to the TDD mode, 
because the mobile terminal 80 is close to the area P2, 
and will possibly move back to the area P2, although the 
TDD transmission mode is possible in the area P5. In 
other words, even if the mobile terminal 80 in one trans- 
mission mode is approaching a position where switching 
to the other transmission mode is possible, it is possible 
to specify not to start the switching procedure in a period 
in which the mobile terminal 80 may return to the current 
system. In the present embodiment, because the posi- 
tion change of the mobile terminal 80 is taken into con- 
sideration, various kinds of instructions can be defined. 
Furthermore, because the common area of the service 
areas is divided into the areas P1 and P5, it is possible 
to effect a more elaborate switching control suitable to 
the actual situations than the cases shown in FIG. 3 and 
FIG. 5. Therefore, it is possible to realize appropriate 
system switching control according to the various actual 
situations. 

[0062] Note that the table 700 shows cases in which 
the present positions of the mobile terminal 80 are all in 
the area P1 or the area P5, but the present position may 
also be in the area P2 and P3. Further, it is possible to 
effect controls by. using not only the position (coordi- 
nate) information but also velocity information of the mo- 
bile terminal 80. For example, from the point of view of 
reducing unnecessary switching, it can be directed not 
to start system switching, even though position change 
occurs between the present and the previous position, 
if the present speed is slower than a preset value. Fur- 
ther, it is also possible to define the instruction according 
to the contents of communications, for example, to 
specify to preferably use the FDD transmission in case 
of speech transmission, and preferably use the TDD 
transmission in case of data transmission, and so on. In 
the example shown in FIG. 3, the service areas are di- 
vided into four areas P1 through P4, in the example 
shown in FIG. 6, the service areas are divided into five 
areas P1 through P5. In principle, it is possible to divide 
the service areas into more small areas to elaborately 
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specify the controls. The number of divisions is depend- 
ent on the precision of the position measurement and 
the capacity of the memory for the table 45. Further, in 
the descriptions so far, it is assumed that the contents 
of the table 45 are specified by the control unit 40 be- 
forehand and cannot be modified, but it is possible to 
change the contents of the table 45, that is, the instruc- 
tions for system switching, according to the require- 
ments of the network. By making the contents of the ta- 
ble 45 dynamically modifiable, for example, it is possible 
to select a transmission method appropriate to the traffic 
situation, and increase the capacity of the system. 
[0063] In the above embodiments, the control unit 40 
for controlling the FDD base station 10 and the TDD 
base station 20 is shown as a control device provided 
to be independent of the network, and common to the 
two sub-systems (FIG. 2), but the present invention is 
not limited to this pattern. The functions equivalent to 
the control unit 40 may be implemented on the side of 
the network including the switching unit 50. Further, if 
the two sub-systems are specified to be able to commu- 
nicate with each other, the functions equivalent to the 
control unit 40 may be included in one sub-system. If 
the functions of the control unit 40 are secured, the con- 
trol unit 40 can be situated at any position regardless of 
its implementation, because it is adequate if it is possible 
to obtain the position data of the mobile terminal 80 and 
send instructions on system switching to the mobile ter- 
minal 80 and the base stations by making reference to 
the table 45. 

[0064] In the above embodiments, a mobile commu- 
nication system including an IMT-2000/FDD system and 
an IMT-2000/TDD system is used as an example. Be- 
cause the present invention uses the position informa- 
tion of the mobile terminal instead of monitoring the level 
of signals from base stations not in communication, the 
present invention is applicable to any other combination 
of communication systems. Nevertheless, from the 
point of view of smooth and effective system switching, 
it is preferable that the two communication systems 
have the same the protocol layer. The IMT-2000/FDD 
system and the IMT-2000/TDD system have different 
physical layers (for example, the mobile link), but their 
upper layers are the same. This upper layer includes 
regulations (protocol) on receiving and transmission of 
control data related to the call connections, charging 
methods, position registration, data format in use and 
so on. Because the measured position of a mobile ter- 
minal is a quantity independent of the details of the phys- 
ical layer, if the position is measured in one system, it is 
not necessary to measure it again in the other system. 
This point makes a large difference between the present 
invention and the related art in which the levels of the 
signals from the other system have to be constantly 
monitored. Accordingly, the present invention is of ad- 
vantage to combinations of communication systems 
which have the same communication protocol upper 
layer of the physical layer. 
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[0065] The present invention is of advantage even to 
combinations of communication systems that have the 
same physical layers. Furthermore, the present inven- 
tion is applicable to combinations of not only two com- 
5 munication systems but also three or more communica- 
tion systems. 

[0066] In the above embodiments, the function of the 
control device corresponds to the control unit 40 and 
part of the control function of the mobile terminal 80. 

10 [0067] The position measuring unit corresponds to 
the position detector 46 in the control unit 40 or the po- 
sition detector 88 in the mobile terminal 80. 
[0068] While the present invention has been de- 
scribed with reference to specific embodiments chosen 

is for purpose of illustration, it should be apparent that the 
invention is not limited to these embodiments, but nu- 
merous modifications could be made thereto by those 
skilled in the art without departing from the basic con- 
cept and scope of the invention. 

20 [0069] Summarizing the effect of the present inven- 
tion, a mobile terminal communicating with one commu- 
nication system can be switched to communicate with 
another system while reducing power consumption and 
workload of the mobile terminal. 

25 [0070] This patent application is based on Japanese 
priority patent application No. 2002-086613 filed on 
March 26, 2002, the entire contents of which are hereby 
incorporated by reference. 

30 

Claims 

1 . A control device of a communication system includ- 
ing a first mobile communication system, a second 

35 mobile communication system, and a mobile termi- 
nal being in communication with the first mobile 
communication system by a first transmission 
method, and able to communicate with the second 
mobile communication system by a second trans- 

40 mission method, comprising: 

a position measuring unit for measuring a po- 
sition of the mobile terminal; 
a judgment unit for making a determination 

45 whether or not to switch the communication of 

the mobile terminal from the first mobile com- 
munication system to the second mobile com- 
munication system according to a position 
measurement result of the position measuring 

so unit; and 

a switching unit for switching the communica- 
tion of the mobile terminal from the first mobile 
communication system to the second mobile 
communication system according to the deter- 

55 mination of the judgment unit. 

2. The control device as claimed in claim 1, further 
comprising a position data table including data for 
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selecting one of the first mobile communication sys- 
tem and the second mobile communication system 
according to the position of the mobile terminal, 

wherein said judgment unit makes said deter- 
mination by using the position data table. 5 

The control device as claimed in claim 2, wherein 
said judgment unit makes said determination based 
on a change of the position of the mobile terminal. 

10 

The control device as claimed in claim 1 , wherein a 
communication protocol upper layer of the physical 
layer of the first mobile communication system is at 
least partially the same as a communication proto- 
col upper layer of the physical layer of the second *5 
mobile communication system. 
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